Objectives-To develop valid, reliable indicators of the appropriateness of long term prescribing in general practice medical records in the United Kingdom. Design-A nominal group was used to identify potential indicators of appropriateness of prescribing. Their face and content validity were subsequently assessed in a two round Delphi exercise. Feasibility and reliability between raters were evaluated for the indicators for which consensus was reached and were suitable for application. Participants-The nominal group comprised a disciplinary mix of nine opinion leaders and prominent academics in the field of prescribing. The Delphi panel was composed of 100 general practitioners and 100 community pharmacists. Results-The nominal group resulted in 20 items which were refined to produce 34 statements for the Delphi exercise. Consensus was reached on 30, from which 13 indicators suitable for application were produced. These were applied by two independent raters to the records of 49 purposively sampled patients in one general practice. Nine indicators showed acceptable reliability between raters. Conclusions-9 indicators of prescribing appropriateness were produced suitable for application to the medical record of any patient on long term medication in United Kingdom general practice. Although the use of the medical record has limitations, this is currently the only available method to assess a patient's drug regimen in its entirety.
Introduction
Rising costs and demand for health care are prompting increased emphasis on the need to ensure quality and cost eVectiveness in all aspects of care provision. Prescribing in United Kingdom general practice is no exception. General practitioner (GP) prescribing accounts for over 80% of the cost of all medicines, and 10% of the total NHS budget. This prescribing is often long term, with as many as three quarters of all prescriptions being for repeat items. The cost of medicines in United Kingdom general practice is currently >£4 billion annually; a 1994 Audit Commission (box 1) report suggested that £425 million of this sum could potentially be saved through improvements in prescribing. 1 However, we have argued elsewhere that the magnitude of the opportunities for cost savings is unclear. 2 In France, one of the most recent attempts at cost containment has been the combination of mandatory practice guidelines on procedures and prescribing with a system of fines for doctors who do not comply. 3 In the United Kingdom, various initiatives have been introduced nationally, including prescribing analysis and cost reports (PACT, box 1), the limited list, and professional prescribing advisors.
To evaluate interventions aimed at improving prescribing, we need a clear view of the standards to be attained and valid methods for assessing progress. Existing guidelines in the United Kingdom largely focus on specific conditions 4 or drugs, 5 and do not consider the overall quality or appropriateness of individual Prescribing analysis and cost data (PACT) were introduced in 1988 to enable GPs to look critically at their prescribing.
PACT tells GPs what they have prescribed and how much their prescribing has cost in the preceding three month period. The data are produced by the Prescription Pricing Authority (PPA) and give information on both individual GPs and the practice's prescribing costs and compares these costs with those of other GPs in the same health authority (formerly, family health services authority) as well as nationally.
The Audit Commission
In 1990, the Audit Commission became responsible for the external audit of National Health Service (NHS) bodies in England and Wales, including health authorities. The Commission's auditors are required to examine arrangements made by these authorities for securing economy, eYciency, and eVectiveness in areas of expenditure for which they are responsible. Health authority responsibilities include oversight of primary care delivered by GPs and of dispensing by community pharmacists. Prescribing by GPs is the largest item in their budgets.
Box 1 PACT data.
Quality in Health Care 1998; 7:130-135 patients' drug regimens. A more recent study has gone some way towards developing indicators to look more broadly at prescribing for individual patients. 6 In this study, we have rejected the approach of deriving quality indicators from clinical guidelines as these are necessarily focused on specific conditions or drugs. Clinical guidelines focus on disease management, not patient management, and so may neglect interactions between treatment regimes in patients with two or more chronic conditions. We decided to base indicators on GP medical records, as opposed to other sources, because the medical record is presently the only source of routinely collected data that links prescribing with clinical information on individual patients. It is therefore the only existing database capable of allowing reviews of medication or assessments of appropriateness of prescribing. Appropriate health care has been defined by the RAND corporation as care which "means that the expected health benefit exceeds the negative consequences by a suYciently wide margin that the procedure is worth doing". 7 This has principally been applied to medical and surgical techniques in secondary care and has rarely considered prescribing. Publications in the United Kingdom refer more often to rational prescribing than to appropriate prescribing and the question of whether rational prescribing is necessarily the same as appropriate has rarely been considered. To assess appropriateness, we have advocated combining explicit criteria with expert review to allow implicit judgements to be made, thus enhancing the scope and richness of predetermined criteria. 8 Most approaches to describing the appropriateness of prescribing have been based on poor or absent standards of reliability and validity. 9 10 The exception is the medication appropriateness index which exemplifies the use of explicit criteria to make implicit judgements of appropriateness. 11 A recent, limited study in the United States which used the medication appropriateness index, suggested that inappropriate prescribing may be associated with increased use of the health service. 12 Our aim is to develop indicators of the appropriateness of long term prescribing in general practice. An indicator has recently been defined by a European Working Party on quality in primary care (EQuiP) as: "A measurable element of practice performance for which there is evidence or consensus that it can be used to assess quality, and hence change in the quality, of care provided". 13 In the first stage of our work, we convened a nominal group of experts to identify and describe dimensions of prescribing appropriateness. Subsequently, the face and content validity of the proposed dimensions were evaluated with the Delphi method in a panel of GPs and community pharmacists. Finally, we assessed the feasibility and reliability of the dimensions on which there was consensus and which were suitable for application. This programme of work was undertaken between June 1995 and April 1996.
Methods

IDENTIFICATION OF DIMENSIONS OF THE APPROPRIATENESS OF PRESCRIBING
The nominal group technique is a structured process for gathering information from a group of people who have expertise in a particular area (box 2). Its main purpose is to generate ideas, although the technique has been used to develop consensus. The group is nominal to the extent that it is highly controlled and discussion is normally restricted to the final stages of the group process.
Individual people were invited to participate in a nominal group after the proposal by professionals and academics in the field of prescribing. Panellists were predominantly doctors or pharmacists as these are the two principal professional groups involved in managing long term prescribing. They comprised a mixture of people who were either researchers in the field of prescribing or who were actively working to improve prescribing in primary care. The group comprised nine people from diVerent backgrounds: a medical director of a (former) family health services authority, an academic, a medical sociologist, a representative from the National Health Service Executive (NHSE), a community pharmacist, a family health services authority pharmaceutical advisor, an academic GP, a hospital physician in care of the elderly, and a general practice principal. The moderator was an experienced group leader with no clinical or professional interest in long term prescribing (SB).
The group was asked to consider the question, "How would one screen GP medical records for (in)appropriate medication prescribing?". In the first phase of the nominal group, participants recorded silently and independently their ideas. In round robin fashion, one item was collected from each panellist. This process was repeated in successive rounds until no more ideas were forthcoming. When all the items had been collected there was a structured, serial discussion of each one. Discussions throughout the nominal group were audiotaped and later transcribed to facilitate subsequent examination of key issues, and to ensure that when developing the Delphi questionnaire the research team remained true to the views expressed by the nominal group. The panel then reviewed all the proposed items and undertook a process of refinement to 
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reduce the items to a manageable number. In the last stage of the nominal group, each panellist was asked to select from the abridged list the 10 that he or she perceived to be most important and to rank them from 1 (most important) to 10 (least important).
FACE AND CONTENT VALIDITY AND DEVELOPMENT OF CONSENSUS
The Delphi technique was used to assess face and content validity and to develop consensus. The Delphi process is a survey technique for decision making among isolated, anonymous respondents (box 3). It aims to guide opinion towards a final decision through feedback and reflection.
The Delphi questionnaire was posted to a panel of community pharmacists and GPs. Eligible pharmacists were identified by the pharmaceutical advisors of family health services authorities who were asked for the names of community pharmacists actively working with GPs to improve prescribing. Eligible GPs were course organisers, appointed by regional postgraduate advisers in general practice to organise the day release element of vocational training for general practice. One hundred randomly selected professionals in each disciplinary group were sent a letter explaining the Delphi technique, the timescales involved, and an invitation to participate in the study. Those who did not reply or declined were replaced by another sample selected by the same method until the desired minimum sample of 100 of each discipline was attained.
The nominal group items were presented in the Delphi questionnaire as a series of statements, incorporating specific criteria by which each might be assessed.
Participants were asked to rate the "importance" of each item on a 7 point Likert scale ranging from 1=strongly disagree to 7=strongly agree (box 4). Space was provided for written comments beside each item. The questionnaire was piloted and refined in a local sample of five GPs and five community pharmacists.
The number of Delphi rounds was fixed at two at the outset. A summary of the findings from the first round was prepared in the subsequent two week period and fed back to participants. For each questionnaire item, this feedback comprised a bar chart showing the distribution of scores in the sample, the subject's own score, and a synopsis of the panellists' written comments. Participants were then asked to rerate each item and, as with the first posting, asked to return it within two weeks.
The following definitions of consensus were established before data analysis:
x Consensus that item should be retained: >75 of participants scored the item >5
x Consensus that item should be excluded: >75% subjects scored the item <3
x No consensus: item which failed to meet either of the above criteria.
FEASIBILITY
We explored the production of workable definitions for all the dimensions for which consensus was reached. A pilot feasibility study was conducted by JC in a random sample of 25 patients on long term medication in one large practice in south Manchester. Patients requiring long term medication were defined as those prescribed one or more drugs, each of which was used on most days for a period of three or more months. Each indicator was presented as a statement oVering a choice of four to six response categories. The response categories common to all indicators included whether or not the requisite information was recorded in the medical record; the recorded reason for a prescribing decision was valid; the indicator was applicable to that patient; and the rater was able to formulate an opinion based on the available information. The medical record was said to comprise both the computerised and the paper based notes maintained by the practice for each patient.
RELIABILITY BETWEEN RATERS
Levels of agreement between two independent pharmacist raters were assessed on all long term drugs prescribed for 49 patients in another large practice. In both practices samples were drawn by JC from the register of requests for repeat prescriptions. The sample for reliability testing was purposive, enriched with the types of inappropriate prescribing our instrument was designed to detect. The indicators were applied to a synopsis of the medical records produced by a member of the research team (JC). This approach was used to ensure that we were testing the reliability of the instru- For each item, please circle the number from 1 to 7 that corresponds with your evaluation of its importance. Make any comments you wish. For example, you may elaborate on your rating or request clarification. ment, not the researchers' ability to find relevant information. Reliability was assessed by comparison of the response categories chosen by the two independent raters. We retained items where the 95% confidence interval included >0.7.
Results
IDENTIFYING DIMENSIONS OF APPROPRIATENESS OF PRESCRIBING
A total of 103 items was proposed by the panel and the final ranking process resulted in 20 items which were used to develop the 34 statements on the Delphi questionnaire (table 1) .
FACE AND CONTENT VALIDITY AND DEVELOPMENT OF CONSENSUS
More subjects was recruited than were required to meet our desired sample of 100 GPs and 100 pharmacists. Of the 106 GPs who agreed to participate, 90 (85%) completed round one and 66 (62%) completed round two of the Delphi process. Of the 132 community pharmacists who agreed to participate, 108 (82%) completed round one and 75 (57%) completed round two. After round one, 27 of the 34 items met our consensus criteria for inclusion. Consensus was reached for a further three criteria after round two, giving a total of 30 items representing 18 potential indicators of prescribing appropriateness. The retained indicators are identified in The reason for prescribing drugs of limited value-for example, appetite suppressants-is stated in the medical record* 4
The expected clinical benefits are realised in the patient* 5
The drug is cheaper than alternative treatment(s) but just as safe and eVective* 6
The ratio of benefits to cost is better than for alternative treatments* 7 ( a ) Potentially hazardous drug-drug combinations are not used* (b) If used, the prescriber records the reason why* 8
Drugs are prescribed simultaneously to make the best use of interactions between them 9
Drugs from the same pharmacological class are not prescribed simultaneously 10
Unexpected The formulation, route, and method of delivery are designed to maximise compliance for that patient* 16
The dosing schedule is made as simple as possible* 17
The patient is given information about why and how to use the treatment* 18
There is a summary in the medical record of: (a) All prescribed drugs* (b) And regular OTC drugs 19 The prescription contains all the information needed for dispensing* 20
The patient on long term medication is reviewed: (a) At least once a year* (b) In accordance with evidence-based guidelines* (c) In accordance with expert opinion* BNF=British National Formulary. *Indicator retained after the Delphi exercise Table 2 Operational indicators of prescribing appropriateness 1 The indication for the drug is recorded in the medical record and upheld by the BNF 2
The reason for prescribing a drug of limited value is recorded and valid 3
Compared with alternative treatments in the same therapeutic class, which are just as safe and eVective, the drug prescribed is either one of the cheapest or a valid reason is given for using an alternative 4 A generic product is prescribed if one is available 5
If a potentially hazardous drug-drug combination is used, the prescriber shows knowledge of the hazard 6
If the drug is contraindicated, the prescriber gives a valid reason 7
If the total daily dose is outside the range stated in the BNF, the prescriber gives a valid reason 8
If the dosing frequency is outside the ranges stated in the BNF, the prescriber gives a valid reason 9
If the duration of treatment is outside the ranges stated in the BNF, the prescriber gives a valid reason 10
When considering the patient's total regimen, the dosing schedule is as simple as possible 11
Prescribing for hypertension adheres to evidence-based guidelines in the BNF 12
Prescribing for asthma adheres to evidence-based guidelines in the BNF 13
Patient's medication has been reviewed within the previous 12 months
RELIABILITY BETWEEN RATERS
Reliability between raters was assessed on a sample of 227 drugs prescribed for 49 patients. With our predefined criterion for reliability nine indicators showed acceptable reliability between raters (table 3) . Two indicators proved to be unreliable; raters were unable to agree on whether the patient's medication regimen was as simple as possible or whether prescribers were adhering to the asthma guidelines in the BNF. A further two indicators relating to contraindications and to periodicity of medication review could not be adequately tested in our sample, but as they have high face validity, we think that they should provisionally be retained. The final set of indicators is shown in box 5.
Discussion
This programme of work has produced nine reliable indicators of appropriateness of prescribing suitable for application to the medical record of any patient on long-term medication in United Kingdom general practice. The output from the nominal group was 20 items which the Delphi questionnaire confirmed had face and content validity according to a selected group of GPs and community pharmacists. No item proposed by the nominal group was rejected by the Delphi panel. We do recognise that there are potential limitations to both methods, most notably the lack of robust evidence on their reliability and validity.
14 However, our indicators are remarkably similar to those included in the medication appropriateness index. 11 This close agreement between these two sets of indicators may suggest that the subject of inappropriate prescribing is not inherently contentious, as supported by the high levels of consensus achieved in the first round of our Delphi questionnaire.
Eleven of the 13 indicators used in the reliability study could be used to assess an entire drug regimen, as they are not disease or drug specific. Although we initially included two disease specific indicators (asthma and hypertension) we do not think that, when used in isolation, they give a broad enough picture of the (in)appropriateness of prescribing. Disease specific indicators are becoming widely accepted in clinical practice, particularly within the context of medical audit, and are relatively easy to apply. However, if clinical guidelines were to be the only source of prescribing indicators, a large proportion of long term prescribing would never come under scrutiny. Publications in the United Kingdom contain only a few examples of management guidelines for a limited range of diseases encountered in general practice. 4 15-17 It is interesting to note that although there are national guidelines for management of asthma in the United Kingdom, 17 in this study we were not reliably able to apply them.
The PACT data are undoubtedly a valuable tool for examining and improving some aspects of general practice prescribing. However, a limitation of these data is their inability to link a prescription to a diagnosis. This becomes particularly relevant when a drug is indicated for more than one condition. For example, the ratio of inhaled steroids and cromoglycate to bronchodilators has been proposed as an indicator of performance in general practice that is available to Health Authorities. 18 Although this indicator is arguably of value for judging the quality of care for asthma, it is inappropriate for chronic bronchitis, another prevalent disease in general practice. Bronchodilators are of symptomatic benefit for many patients with chronic bronchitis or emphysema, but inhaled steroids are rarely of value. Thus it may be argued that a high steroid:bronchodilator ratio represents poor prescribing in the context of non-asthmatic respiratory disease.
Although our goal is to produce indicators of appropriateness of long term prescribing which can be applied to an individual patient's drug regimen in its entirety, this approach does have some limitations. Use of medical records may invite criticism as some aspects of our indicators will rely on the level of documentation by the prescriber. In this study, there were several potential indicators with established face and (1) The indication for the drug is recorded and upheld in the BNF (2) The reason for prescribing a drug of limited value is recorded and valid (3) Compared with alternative treatments in the same therapeutic class, which are just as safe and eVective, the drug prescribed is either one of the cheapest or a valid reason is given for using an alternative (4) A generic product is prescribed if one is available (5) If a potentially hazardous drug-drug combination is prescribed, the prescriber shows knowledge of the hazard (6) If the total daily dose is outside the range stated in the BNF, the prescriber gives a valid reason (7) If the dosing frequency is outside the range stated in the BNF, the prescriber gives a valid reason (8) If the duration of treatment is outside the ranges stated in the BNF, the prescriber gives a valid reason (9) Prescribing for hypertension adheres to the evidence-based guidelines in the BNF
Box 5 Reliable indicators of prescribing appropriateness.
content validity, which we were not able to apply, as we knew from our own experience that the pertinent information would not be found in the patient's record. However, there are precedents for assessing appropriateness through the data within medical records. In the United States, legislation allows deviation from prescribing guidelines for psychotrophic drugs only if the prescriber has documented a rationale for their use. 19 Poor documentation may in itself represent poor quality patient care. 20 However, it must also be acknowledged that this method of detailed data collection is currently resource intensive. The medication appropriateness index, which is also based on data in medical records, has been used both as a descriptive research tool and to measure outcomes from interventions aimed at improving prescribing. We also recognise that use of the medical records will rarely take into account the patient's perspective on prescribing. Supplementary measures are required if we wish to consider such issues as adherence to prescribed treatment, satisfaction with prescribing decisions, and quality of life. However, indicators based on medical records represent a step forward in the pursuit of methods to assess the quality of prescribing decisions. The continuing development of computer technology related to prescribing in general practice 21 -for example the electronic British National Formulary (eBNF), CAPSULE, and PRODIGY-may further facilitate the development of record based prescribing indicators. Throughout this work, the BNF has been used as the "gold standard" for applying many of our indicators. With the growing use of eBNF it is highly probable that they could, in the future, be applied electronically to general practice databases. Further, we anticipate that as the work develops, individual indicators will show diVerent prevalences Those which show high prevalence could be used to target specific problems-for example, our work to date suggests that drugs are often prescribed without any recorded indication. This raises the potential to develop a tool box of prescribing quality measures which are applied with various methods. Some may be developed and measured centrally or locally with PACT data, alongside others which are derived by computerised application to the practice database, whereas others are applied manually to consider a specific issue in a sample or subpopulation. In the next stage of our work, we will assess the content validity of these indicators through interviews with GPs about patient specific inappropriate prescribing. We will also use this opportunity to explore GPs' views of these indicators as a practical tool for measuring quality.
In conclusion, these indicators are currently too labour intensive to be used as routine performance indicators, but have potential value as a research tool. However, they do examine dimensions of long term prescribing not available through any other tool and as information technology develops, they should become more accessible.
